ABSTRACT: This study was conducted to determine the effect of dietary fructan supplementation on growth performance, nutrient digestibility, meat quality, fecal microbial flora, and fecal noxious gas emission in finishing pigs. A total of 96 finishing pigs [(Yorkshire × Landrace) × Duroc] with an average BW of 73.1 ± 2.5 kg were used in a 6-wk study. Pigs were randomly allotted to 1 of 3 dietary treatments: 1) CON, basal diet, 2) CON + 1% fructan (FC1), and 3) CON + 2% fructan (FC2) with 8 replicate pens per treatment and 2 barrows and 2 gilts per pen. During the overall study, pigs fed the fructan supplementation diets had a greater (P < 0.05) ADG, G:F, the apparent total tract digestibility (ATTD) of DM and GE than pigs fed the CON diet. The levels of fructan supplementation did not affect growth performance and ATTD of DM, N, and GE. Fecal E. coli concentrations in the fructan treatments were lower (P < 0.001), while fecal Lactobacillus concentrations in the fructan treatments were greater (P < 0.001) compared with the CON treatment. Fecal ammonia and hydrogen sulfide emissions were lower (P < 0.05) in d 3, 5, and 7 in the fructan treatments, and total mercaptans emission was lower (P < 0.05) on d 3 and 5 compared with the CON treatment. In conclusion, fructan supplementation improved growth performance and ATTD of DM and GE, improved the fecal microbial balance, and inhibited the fecal E. coli. Furthermore, fructan may decrease fecal noxious gas emissions by finishing pigs.
INTRODUCTION
Low doses of antibiotics are used in animal feeds as a growth promoter (Walker et al., 2005; Pedroso et al., 2006) and also to improve carcass quality by decreasing the percentage of fat and increasing protein content (Parks et al., 2000; Humphrey et al., 2002) . Because of concerns on the antibiotics resistance, however, the use of antibiotics as a growth promoter in animal feed has been limited in the European Union since January 2006. As a result, new commercial feed additives of plant origin, which are considered to be natural products, have been proposed for the livestock producers. Herbs, spices, various plant extracts, prebiotics, and probiotics have received increased attention as possible substitutes for antibiotic growth promoters. Use of prebiotics or fermentable sugars may improve the population of useful microbes in the gastrointestinal tract (Kermanshahi and Rostami, 2006) .
Fructan is a polymer of fructose molecules produced by a variety of microorganisms (Han, 1990) . Fructans with a short chain length are known as fructooligosaccharides, whereas longer-chain fructans are termed inulins. A wide variety of fructan-related applications have been reported in the medical filed, including their use as a hypocholesterolemic agent (Yamamoto et al., 1999) , immune modulator (Yoo et al., 2004) , and anti-inflammatory agent (Vigants et al., 2001) . However, to the best of our knowledge, not enough studies have been conducted to evaluate the use of fructan in finishing pigs. The principal objective of this study was to evaluate the effect of fructan on growth performance, nutrient digestibility, meat quality, fecal microbial flora, and fecal noxious gas emission in finishing pigs.
MATERIALS AND METHODS
The experimental protocol used in this study was approved by the Animal Care and Use Committee of Dankook University.
A source of fructan consisting of β-(2,6)-linked fructose units was obtained from a commercial company (RealBioTech Co., Daejeon, South Korea). The product is synthesized via enzyme reactions using levansucrase from Zymomonas mobiliz and purified using an ultramembrane system. This source of fructan is different from inulin, which consists of β-(2,1)-linked fructose units, and its partial hydrolysate, fructooligosaccharides. The average degree of polymerization is 10 and the average molecular weight is 700 kDa.
Experimental Design, Animals, and Housing
A total of 96 finishing pigs [(Yorkshire × Landrace) × Duroc] with an average BW of 73.1 ± 2.5 kg were randomly allotted to 3 experimental diets based on initial BW and sex (8 replicate pens per treatment; 2 gilts and 2 barrows/pen). The experiment lasted for 6 wk. Dietary treatments included: 1) CON, basal diet, 2) CON + 1% fructan (FC1), and 3) CON + 2% fructan (FC2). The diets were formulated to meet or exceed NRC (1998) nutrient requirements (Table 1) . Pigs were housed in an environmentally controlled, slatted plastic floor facility in 24 adjacent pens (1.8 × 1.8 m each) and room temperature was maintained at approximately 24°C. Each pen was equipped with a self-feeder and nipple drinker to allow ad libitum access to feed and water throughout the experimental period.
Sampling and Measurements
Individual pig BW and pen feed consumption were recorded at the end of wk 6 to calculate ADG, ADFI, and G:F. Pigs were fed diets mixed with chromic oxide (0.2%) as an indigestible marker for the determination of apparent total tract digestibility (ATTD) for DM and N (Fenton and Fenton, 1979) for 7 d before fecal collection during the last week of the experiment. On the last 2 d of the experiment, fecal samples were collected from 2 pigs in each pen. All feed and fecal samples were stored at -20°C until analysis. Before chemical analysis, fecal samples were thawed at 57°C for 72 h, after which they were ground to pass through a 1-mm screen. All feed and fecal samples were analyzed for DM (Method 930.15; AOAC, 1995) , CP (Method 990.03; AOAC, 1995) , and crude fat (Method 920.39; AOAC, 1995) . Chromium was analyzed via UV absorption spectrophotometry (Shimadzu UV-1201; Shimadzu, Kyoto, Japan). The ATTD was then calculated using the following formula:
where Nf = nutrient concentration in feces (% DM), Nd = nutrient concentration in diet (% DM), Cd = chromium concentration in diet (% DM), and Cf = chromium concentration in feces (% DM).
At the end of the experiment, all the pigs were slaughtered at a local commercial facility. Carcasses were chilled at 2°C for 24 h and a sample of the right loin was removed between the 10th and 11th ribs. The meat samples were thawed at room temperature before evaluation. Subjective meat color, marbling, and firmness scores were evaluated (NPPC, 1991) . Immediately after the subjective scores were determined, the lightness (L*), redness (a*), and yellowness (b*) values were measured at 3 locations on the surface of each sample (Model CR-410 Chromameter; Konica Minolta Sensing Inc., Osaka, Japan). At the same time, duplicate pH values of each sample were directly measured using a pH meter (Fisher Scientific, Pittsburgh, PA). The water holding capacity (WHC) was measured in accordance with the methods described by Kauffman et al. (1986) . Briefly, a 0.3-g sample was pressed with 3,000 g of weight for 3 min at 26°C on a 125-mm-diameter piece of filter paper. The areas of the pressed sample and the expressed moisture were delineated and then determined using a digitizing area-line sensor (MT-10S; M.T. Precision Co. Ltd., Tokyo, Japan). The ratio of water:meat area was then calculated, giving a measure of WHC (a smaller ratio indicates increased WHC). Area of the LM was measured by tracing the LM surface at the 10th rib, which was also conducted using the aforementioned digitizing area-line sensor. Drip loss was measured using approximately 2 g of meat sample and the plastic bag method described by Honikel (1998) . Cook loss was determined as described previously by Sullivan et al. (2007) . Fecal samples were collected directly via massaging the rectum of 2 pigs (1 gilt and 1 barrow) in each pen and then pooled and placed on ice for transportation to the laboratory where analysis was immediately performed. A calibrated, glass-electrode pH meter (WTW pH 340-A; WTH Measurement Systems Inc., Ft. Myers, FL) was used to measure the pH of the fecal samples, which were diluted with deionized water at a ratio of 1:7.5 (wt/ wt). One gram of the composite fecal sample from each pen was diluted with 9 mL of 1% peptone broth (Becton, Dickinson and Co.) and then homogenized. Viable counts of bacteria in the fecal samples were then conducted by plating serial 10-fold dilutions (in 1% peptone solution) onto MacConkey agar plates (Difco Laboratories, Detroit, MI) and Lactobacilli medium III agar plates (Medium 638; DSMZ, Braunschweig, Germany) to isolate the Escherichia coli (E. coli) and Lactobacillus, respectively. The lactobacilli medium III agar plates were then incubated for 48 h at 39°C under anaerobic conditions. The MacConkey agar plates were incubated for 24 h at 37°C. The E. coli and Lactobacillus colonies were counted immediately after removal from the incubator.
Fresh feces and urine samples were collected randomly from at least 2 pigs in each pen on the last 2 d of the experiment. The urine was collected in a bucket via a funnel below the cage. Samples were kept in sealed containers and were immediately stored at -4°C for the duration of the period. After the collection period, feces and urine samples were pooled and each mixed well for each pen. As described by Wang et al. (2009) , subsamples of slurry (150 g feces and 150 g of urine were mixed well; 1:1 on the wet weight basis) were taken and stored in 2.6-L plastic boxes in duplicate. Each box had a small hole in the middle of one side wall, which was sealed with adhesive plaster. The samples were permitted to ferment for 7 d at room temperature (25°C). The concentrations of gas were determined on d 1, 3, 5, and 7 during the fermentation period. A gas sampling pump (Model GV-100; Gastec Corp., Ayase, Japan) was utilized for gas detection (Gastec detector tube No. 3La for NH 3 , No. 4LK for H 2 S, and No. 70 for mercaptans; Gastec Corp.). Before the measurements, slurry samples were shaken manually for approximately 30 s to disrupt any crust formation on the surface of the slurry sample and to homogenize them. The adhesive plasters were punctured, and 100 mL of headspace air was sampled approximately 2.0 cm above the slurry surface. Two samples from each pen were measured and then the average was calculated.
Statistical Analysis
All experimental data were analyzed as a randomized complete block design using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). The pen was used as the experimental unit. For the drip loss and gas emission data, the initial data was used as a covariate. Orthogonal contrasts were used to the effect of treatments: CON vs. FC1+FC2 and FC1 vs. FC2 treatments. Variability in the data was expressed as the pooled SEM, and P ≤ 0.05 was considered statistically significant.
RESULTS

Growth Performance, Digestibility, and Meat Quality
During the overall trial, pigs fed the fructan supplementation diets had greater ADG (P = 0.044) and G:F (P = 0.013) than pigs fed the CON diet ( Table 2 ). The ADFI was not affected by the fructan supplementation. The ATTD of DM and GE was greater in pigs fed the fructan supplementation diet (P = 0.012 and 0.018, respectively) compared with pigs fed the CON diet. No effect was observed for ATTD of N. The levels of fructan supplementation (1 or 2%) did not affect growth performance or ATTD of DM, N, or GE. No effects were observed on meat color (L*, a*, and b*), sensory evaluation (color, firmness, and marbling), cooking loss, drip loss, WHC, pH, or LM area (Table 3) .
Fecal Microbial Flora and Noxious Gas Emission
Fructan supplementation decreased E. coli and increased Lactobacillus concentrations in feces (P < 0.001) compared with the CON treatment (Table 4) . Fecal NH 3 (P = 0.001, P < 0.001, and P = 0.003 for d 3, 5, and 7, respectively) and H 2 S (P < 0.001, P = 0.002, and P < 0.001 for d 3, 5, and 7, respectively) emissions were lower in the fructan treatments, while total mercaptans emission was lower (P = 0.009 and P < 0.001 for d 3 and 5, respectively) compared with the CON treatment ( Table 5 ). The fructan supplementation did not affect NH 3 , H 2 S, and total mercaptans emissions compared with the CON treatment. No effects were observed on E. coli and Lactobacillus concentrations, and NH 3 , H 2 S, and total mercaptans emissions between the fructan supplementation treatments (1 or 2%).
DISCUSSION
Growth Performance
In the present study, ADG and G:F were improved in pigs fed the diets with β-(2,6)-linked fructan. Currently, there is little information on the influence of feeding β-(2,6)-linked fructan to finishing pigs, thus, no comparisons could be made with other studies. However, there have been some studies investigating short chain length fructans called fructooligosaccharides. Improvements in growth performance were achieved when young pigs were fed diets supplemented with fructooligosaccharides (Mul and Perry, 1994) . Hu and Wang (2001) demonstrated that supplementation with 0.50 and 0.75% fructooligosaccharides improved ADG (9.7 and 10.7%, respectively) and feed efficiency (8.2 and 7.6%, respectively) in finishing pigs. Xu et al. (2002) also demonstrated that supplementation of diets with 4 and 6 g/kg fructooligosaccharides improved ADG and G:F in growing pigs. On the other hand, several studies reported little or no effect of fructooligosaccharides on growth performance of pigs (Farnworth et al., 1992; Orban et al., 1997; Houdijk et al., 1998) . Estrada et al. (2001) reported that dietary fructooligosaccharide supplementation negatively affected the growth performance of pigs weaned at 18 d of age. Dietary supplementation with 0.3 and 0.6% fructooligosaccharides did not affect ADG, ADFI, and feed efficiency in finishing pigs; however, pigs fed 0.6% fructooligosaccharides showed better growth performance than pigs fed 0.3% fructooligosaccharides (Jin et al., 1999) . These equivocal results may be a consequence of different levels of fructooligosaccharides fed; differences in the genetic composition, age, or sex of pigs; or other environmental or management factors.
Nutrient Digestibility
The ATTD of DM and GE was greater in pigs fed the diets with fructan supplementation compared with pigs fed the CON diet. No effect was observed for ATTD of N. Weanling pigs fed 0.1% β-(2,6)-linked fructan supplemented diets showed no increase in the ATTD of DM and N (Zhao et al., 2012) . Houdijk et al. (1998) and Mountzouris et al. (2006) demonstrated that fructooligosaccharides did not affect nutrient digestibility in growing pigs at levels of 6.8, 13.5, or 10 g/kg. However, Jin et al. (1999) reported that nutrient digestibility was lower in the group fed 0.3% fructooligosaccharides compared with late finishing pigs fed 0.6% fructooligosaccharides and the control diet. Xu et al. (2002) also demonstrated that supplementation of diets with 4 and 6 g/kg of fructooligosaccharides improved villus height and villus height to crypt depth ratio at the jejunal mucosa and the activity of digestive enzyme (total protease, trypsin, and amylase) in the small intestine, which was beneficial in nutrient absorption. In an experiment with fructooligosaccharides, villus height and crypt depth ratio in the distal small intestine was increased in piglets (Shim, 2005) . Nutrient utilization might be improved if nutrient absorption is increased. The increased villus height and the villus height to crypt depth ratio are beneficial in nutrient absorption and the increased absorptive capacity of the intestinal tract my result in improved nutrient utilization. Based on the current and previous studies, we hypothesize that the different effects of fructan on nutrient digestibility may be related to pig growth phase and fructan dose. Future study is needed to confirm the effect of fructan on nutrient digestibility in pigs.
Fecal Microbial Flora
Many researchers have studied the effects of inulintype fructans on intestinal and fecal microbial populations in pigs. In some studies, supplementation with inulin-type fructans enhanced intestinal Bifidobacteria populations (Howard et al., 1995; Klein Gebbink et al., 2001) . Other researchers reported little or no effect on microbial populations (Farnworth et al., 1992; Houdijk et al., 1997) . Additionally, in studies using healthy pigs, no effects of fructooligosaccharides supplementation on intestinal or fecal bacteria populations were reported (Farnworth et al., 1992; Kornegay et al., 1992; Howard et al., 1995; Mikkelsen et al., 2003) . The population of Bifidobacteria and Lactobacillus were not affected by the 40 g/kg of fructooligosaccharides in 28-d-old piglets (Mikkelsen and Jensen, 2004) . Mountzouris et al. (2006) showed that dietary treatment with 10 g/kg of fructooligosaccharides in growing pigs did not influence the populations of beneficial bacteria, such as Lactobacillus and Bifidobacteria. However, Xu et al. (2002) reported that addition of 4 and 6 g/kg of fructooligosaccharides enhanced the growth of Bifidobacteria and Lactobacillus, but inhibited growth of Clostridium and E. coli in the small intestine and proximal colon of growing pigs. Shim (2005) reported that supplementing inulin-type fructans to weaning pig diets may be a practical strategy to reduce weaning-related transition in intestinal microflora by supporting growth of beneficial bacteria such as Bifidobacteria and Lactobacillus, thereby decreasing intestinal pathogens like E. coli. Furthermore, Hu and Wang (2001) observed that supplementation of 0.50 and 0.75% fructooligosaccharides improved the concentration of Bifidobacteria (299.5 and 314.8%, respectively) and Lactobacillus (97.4 and 141.7%, respectively) in finishing pigs. In our study, fecal E. coli concentration was reduced, while Lactobacillus concentration was increased by fructan supplementation in the finishing pig diet. As we know, fructans can enhance the intestinal Lactobacillus and reduce E.coli population, and the fecal microbial flora population is similar with that in the intestine. Thus, fecal microbial flora population may be reduced by the dietary supplementation of fructan. The effects of fructooligosaccharides or fructan on fecal microbial flora in pigs warrant further scrutiny.
Fecal Noxious Gas Emission
Previous studies have observed that manure nitrogen excretion, noxious gas, and volatile fatty acid production can be reduced by supplementation of diets with nonstarch polysaccharides (NSP; Canh et al., 1997; Mroz et al., 2000; Wang et al., 2009 ). Cromwell et al. (1998 reported that the addition of inulin reduced NH 3 emissions by 29% and H 2 S emissions by 6% in finishing pigs. Hansen et al. (2007) observed a 30% reduction in NH 3 emission in finishing pigs fed a diet containing 15% inulin. Flickinger et al. (2003) determined that fructooligosaccharides supplementation (1.9 g/d) tended to decrease fecal NH 3 concentration in dogs. In our study, NH 3 and H 2 S emissions were decreased by fructan supplementation. The possible reasons for the reduction in NH 3 and H 2 S emissions may be attributable to the beneficial ef- fects on the Bifidobacteria and Lactobacilli populations present in the large intestine, as the inclusion of NSP in the diet promotes carbohydrate-fermenting bacteria (O'Connell et al., 2005) . Because NH 3 is used as a preferential N source by carbohydrate-fermenting bacteria (Bryant, 1974) , its concentration in the feces can be reduced by feeding fermentable carbohydrates (Canh et al., 1998; Awati et al., 2006) . Wang et al. (2008) reported that high dietary NSP levels resulted in a reduction in crude protein levels and enhanced microbial activities within the gut of the animal and in stored slurry, which might be responsible for the lower pH observed. Canh et al. (1998) also demonstrated that slurry pH was lower when greater levels of fermentable carbohydrates were included in the diet. It has been shown that slurry pH greatly affects NH 3 emission (Hoeksma et al., 1993) and that lower pH results in decreased NH 3 and H 2 S emissions. The inclusion of fructan improves the intestine microbial and nutrient digestibility, which could also reduce fecal NH 3 and H 2 S emissions. Thus, the NH 3 and H 2 S emissions may be decreased by fructan supplementation.
In conclusion, fructan supplementation improved growth performance and nutrient digestibility, increased the fecal Lactobacillus concentration, and decreased the E. coli concentration and noxious gas emission in finishing pigs. Future investigations are necessary to explore the effect of different doses of fructan on those criteria in pigs with various growth phases.
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